M A R K R . PAY N E F isheries scientists tend to view climate change as a dark cloud on the horizon: potentially problematic in the future, but not of immediate concern. Over the multi decadal to centennial scale, warming, acidifi cation and deoxygenation of the oceans are expected to have significant impacts on marine ecosystems and fisheries 1 . By contrast, other problems, such as the global overfishing crisis 2 , are immediate and pressing and have rightly garnered the field's attention for the past decade. However, on page 365 of this issue, Cheung et al. 3 present startling evidence that global fisheries catches have already changed in a manner associated with the warming trend -climate change is suddenly an unexpected guest at dinner.
Changes in the spatial distribution of species are one of the major predicted impacts of cli mate change on marine ecosystems 4 . Marine species tend to occupy the full range of tem peratures that they can physiologically tolerate and therefore, on a broad scale, their distribu tions closely track temperature boundaries in the ocean 5 . Distribution changes gener ally occur over multiple generations through the waxing and waning of local populations: warming can alter the growth, survival or reproduction rates of individuals, favouring warmadapted species and disadvantaging coldadapted ones 5, 6 . Thus, all other factors being equal, warming is expected to change the species composition of fish communities in a given region, replacing colderwater spe cies with warmerwater ones.
A subtle but important difference exists in tropical waters. Because these regions are generally the hottest parts of the ocean, there are simply no species from hotter climes. Ini tial warming is expected, as elsewhere, to shift community composition in favour of warm adapted species. However, once the cooler water species have declined, the community composition is predicted to stabilize, owing to the lack of hotterwater species that could expand into these regions. The composition will thereafter remain stable, even as these regions become too hot for the remaining warmadapted species, and their numbers also decline 5 .
Demonstrating these hypotheses on a large scale, however, has proved problem atic. Measurements of fish distributions are typically based on resourceintensive sci entific studies, such as sonar estimates and trawl surveys, and are usually limited to the developed world. Catch statistics, by con trast, are ubiquitous and routinely gathered in developed and developing economies. But their use is highly contested (see, for exam ple, a recent Comment in Nature 7 ) and they would not normally be considered suitable for this type of study.
Cheung and colleagues took an innovative approach to address this problem by analys ing the mean temperature of the catch (MTC). This ambiguously named metric does not refer to the temperature of the fish as they leave the water, as the name implies, but instead charac terizes the composition of the catch in terms of the 'thermal preferences' of species 8 . For each species in their database, the authors derived a characteristic temperature preference from speciesdistribution modelling. The MTC was then calculated as the catchweighted mean of these thermal preferences.
The authors applied this metric to the annual catch of 990 species across 52 large marine ecosystems from 1970 to 2006. After accounting for potential confounding factors, they discovered a significant positive correla tion between the regional trend in sea surface temperature and that in the MTC. In tropical ecosystems, sea surface temperatures have warmed systematically, but the MTC stabi lized after an initial increase in the 1970s. The patterns are seen globally, are independent of other forms of oceanographic variability and fishing intensity, and are consistent with the proposed hypotheses. Importantly, the method used to define the thermal preferences used in calculating the MTC does not seem to influ ence the result.
These findings therefore make a strong case
ROS DRINKWATER/ALAMY

FISHERIES
Climate change at the dinner table
An innovative use of catch statistics shows that climate change has already influenced the composition of species in fisheries around the world, and thereby the fish that we eat. See Letter p.365 
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Bacterial communities as capitalist economies
Tracking the behaviour of bacteria as they group together on a surface reveals a 'rich-get-richer' mechanism in which polysaccharide deposition and cellular location amplify in a positive feedback loop. See Letter p.388
ulticellular communities of single celled organisms attached to a surface are the predominant form of life on Earth. Development of these biofilms involves distinct stages of selforganization, starting with a single cell that senses and approaches a sur face. Numerous factors have been identified that affect the formation, structure, metabolism and regulation of biofilms at the population level, but their formation has rarely been quantita tively investigated at the singlecell level. On page 388 of this issue, Zhao et al. 1 track the fate of individual bacterial cells from reversible surface attachment to microcolony formation. They show that the early stages of celltosurface contact are highly dynamic, with the bacteria exploring the surface and priming their envi ronment for subsequent biofilm development*.
During the early stages of biofilm formation 2 , motile bacteria approach a surface using a swimming action mediated by flagella -heli cal rotatory filaments that are more than twice the cell's length. On sensing a surface, a tighter, although reversible, contact is established through retractable appendages such as pili or fimbriae, which support surface crawling and contribute to the shaping of the three dimensional architecture of biofilms 3 . Sur face contacts mediated through these cellular extensions subsequently trigger the bacteria to secrete adhesive extracellularmatrix compo nents 4, 5 , which mediate irreversible binding, a prerequisite for the development of micro colonies on biotic and abiotic surfaces. These microcolonies (clusters of up to 50 cells) are the foundation of the mature threedimen sional biofilm, which has distinct physiological properties, including antibiotic resistance and immunesystem resilience.
But exactly how surface contact is translated into microcolony formation is not fully understood. To address this question, Zhao et al. explored the fate of individual cells of Pseudomonas aeruginosa, an environmental bacterium and formidable pathogen. They tracked hundreds of thousands of cells in a defined area in time and space using a mas sively parallel celltracking algorithm 6 . The authors found that the cells used type IV pili to explore the surface immediately after initial contact. Surprisingly, the bacteria did this in a nonrandom manner: a significant area of the surface was never visited, many places were visited once, and a few locations were visited more than 100 times.
To investigate this unexpected result, Zhao and colleagues focused on the role of Psl, the adhesive polysaccharide secreted by P. aeruginosa 5 . Their experiments revealed that the bac teria leave a trail of Psl as they move along the surface, but not of extracellular DNA, another component required for the initial establish ment of biofilms. The researchers also found that Psl was unequally distributed on the sur face -the areas with highest Psl deposition corresponded to those that had been visited the longest by bacteria, through either mul tiple visits or longer visiting time, and these sites constituted the founding sites of micro colonies. The authors propose that the media tors of the unequal surface exploration by the bacteria are the type IV pili, and the fact that these are attracted to Pslrich regions generates a positive feedback loop.
*This article and the paper under discussion 1 were published online on 8 May 2013.
that warming sea surface temperatures are changing catch composition around the world (Fig. 1) . Furthermore, they suggest that catch composition in tropical regions has stabi lized, implying that these regions have already become too hot for all but the warmestwater species.
The key to this approach, and what separates it from other studies, is how the catch data are used. Global catch data are most commonly used to assess the state of the world's fish populations (for example, see refs 2 and 9). Cheung and colleagues, however, use catch data to infer the species composition of fish eries and how they have changed over time; the data are therefore directly relevant to the question asked, rather than an indirect meas ure. As such, many of the criticisms levelled at other catchbased studies do not apply in this situation.
There is a strong temptation to over interpret this result and conclude that the underlying marine populations have also changed in response to warming -in addition to the composition of fisheries catches. The authors largely resist this temptation, although they present some evidence that it is a valid conclusion in at least one region, the North Sea. However, fisheries are influenced by many processes beyond the biological realm, includ ing consumer preferences, technological advances, international politics and fuel costs. Catch therefore does not always reflect under lying abundance 7 . The impact of these factors on the MTC metric needs to be understood before generalizations about the underlying fish communities can be made.
Nevertheless, the changes in the makeup of the catch alone are startling and cause for concern, particularly in tropical countries. In these regions, the fact that the catch com position seems to have reached the terminal hotwater state means that further warm ing may reduce fishery yields, if it has not already done so. The countries that border tropical waters are also those that are the most dependent on fisheries as sources of employ ment, foreign revenue and food, and are least able to adapt to such changes 10 . Shifts in the composition of their fisheries, and potential reductions in fishery productivity, are there fore likely to affect these states' food security and development.
The changes reported by Cheung and col leagues are global in nature. Consumers and fishing communities will need to adapt to new species appearing in fishing nets and the dwin dling presence of traditional species. Resources will be required to aid this adaptation, particu larly in tropical countries. Climate change has made it to the fishmonger and onto our din ing tables. The question now is, how should we respond? ■
